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ABSTRACT 



The stent delivery device has an elongated sheath with a 
self-expandable stent placed in cod traded condition within 
the distal area of the sheath. An elongated core is arranged 
in the sheath for relative longitudinal motion between core 
and sheath, and drive means arc arranged between the core 
and die stent. Scratch protection tubular means comprise a 
reinforcement ring secured in the sheath and surrounding the 
distal end portion of the stent when the stent is in contracted 
condition in the sheath and a tube of thermofonnable 
material heat shrunk over the proximal end portion of the 
stent and over the core. 

19 Claims, 4 Drawing Sheets 
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STENT DELIVERY DEVICE AND METHOD adequately perform in SlItngth 

FOR MANUFACTURING SAME scratch and perforation resistance for the sheath. 

a is an object of the invention to provide a stent delivery 

BACKGROUND OF THE INVENTION device that reduces the aforesaid problems and drawbacks, 

, .5 while allowing a small radial size for the sheath to be 

This invention relates to a stent delivery dewce compns- .^^^ md ^ particularly for use in blood vessels. It 

ing an elongated sheath having a distal area with a disUU ena, ^ ^ ^ Virion to provide a stent delivery 

a self-expandable stent having proximal and « d ^vice which is economical by the simplicity of its raanu- 
portions with proximal and distal ends and a braided tubular 

wall, said stent being placed in contracted condition within 1Q ltUMa 

the distal area of the sheath, elongated core means having SUMMARY OF THE INVENTION 

DTOximal and distal areas, said core means arranged in said . . ^ ^ m . 

Sfa relative longituduuU motion between tt>e sne.4 Accordingly, where the stent *>*ZJ^*%™ 

SoToremeU and drive means between the distil area of scratch protection tubular means of taocornpatiblema^al 

m mean and the self-expandable stent, whereby having an inner waL sunounAng at leas. i- end £rtouof 

reUdvTlonSudinal motion between said sheath and core 15 the stent when the latter is in c^tr^condm^ m the 

m«ms resSS intotongitudmal relative motion between said distal area of the sheath, the nsk is reduced of a scratching 

S a^"so as to^use radial self-expansion of at and/or perforation of the sheath by the dttd andtar proxur^ 

leS ."ongSJportion of the stent out of toedistal are. cutting ends of the stent upon opera^mereof through^ 

TL shel or radWcontraction of at least a longitudinal sheath for "If^nston into a bodj ^ vesseL andmore 

portion of the stent into the distal are. of the sheath. Tie 20 parUculariy into a blood ™ s =^ "^^^ oe 

relates to a me^KX. fc nurturing a stent ^^nT^SS 

device is shown in HP 0 S* US A.. ^^^^^^T^. 

which is incorporated herein in its entirety for ail purposes. M ^ ^ i ercfore extrcmely thin, thereby allow- 

Self-expandable stents are currently employed for dam- & smaU sizc for ^ delivery device to 

aged areas or stenoses of body vessels such as food or air effidently mi sa feiy perform through narrow areas such as 

pipes, for support, dilatation, repair or bridging such areas, blQod ws& t\&. The scratch protection tubular means do not 

Where such stents are for use in blood vessels, the stent re quire complicated or costly structure for the sheath to fully 

delivery device must have, inter alia, a very small radial size 30 and perform anti-scratching and anti-perforation 

in order to be capable to reach narrow and/or tortuous areas functions. The stent may be repeatedly extracted from and 

of such blood vessels. Furthermore, the requirements for use reverted into the sheath with a reduced risk for the sheath 

in blood vessels are extremely tough in terms of integrity of tQ release dangerous particles into the blood vessel. And in 

me stent delivery device because particles of the device CMC Qf ^^^cy^ the doctor may act very rapidly to 

getting loose and wandering through the blood vessel may 35 mc sttTA even if such a positioning requires 

cause complications such as thrombosis. On the other hand, rcpcalc< j extraction of the stent out of the sheath. The doctor 

self -expandable stents are most commonly those formed of ^ thus concentrate on other major problems without 

a braiding composed, for example, of a first plurality of having t0 s i ow his action for taking care to avoid potentially 

parallel stainless steel spring wires helically wound in a first trouble causing irregular motions for extracting the stent 

direction crossing a second plurality of parallel stainless 40 &om ^ shtaliL 

steel spring wires helically wound in a second direction ^ scratch protection tubular means may comprise rein- 
opposite to the first one. The braiding is made in a conttnu- fofCcmcnt ^bulst means secured at least in the i*oximal 
ous process and the braided material is then cut in lengths ^ rf ^ end of mc m of me sheathi This 
each of which will be used to constitute a stent As the wires ^ Qf ^ scratch perforation problem in a critical 
composing the braiding are cut, their ends constitute a 45 location ^ &c shcatb wben rubbing between stent and 
plurality of sharp edges. Such edges may dangerously , & ^^ly important due to the small surface of 
scratch and even perforate the sheath upon passage of me cootQCi betwec, stent and sheath and high radial forces due 
stent therethrough for expansion into the body vessel. Such ex _ ansion ofthc stent The distal end of the sheath is fully 
perforations of the sheath may cause particles of the sheath otc ££j and may be safely operated through the vessel, 
getting loose and wandering into the vesseL In case of a 50 ^ ^ rdalonxment tubular means are formed by a 
Wood vessel, there may be therefore con^Ucations such as J?^ e ^ surrounding at least the distal end of the 
thrombosis. This scratch and perforation problem is paiucu. S^to^^tbto coiitlacted condition in the distal 
Wu^*to«rt**<*to*^^to*«^ area TtLlX a ver^^protectiou structure is 
from the sheath to self-expand into the y«sel Jmutt J^™*^ ^ Z^xJl^ fastened to the 
nibbing at that place is maximal due to the interaction of a 55 acmevea whTnfcis reinforcement ring has a 
very small surface of contact between stent and sheath and ™^™J££^ I re iativelv lona reinforcement 
of the high radial feces generated by the expanding stent ^ s " 0 ^^ distal end 

planted stent. And the problem repeats at both ends of the surface embedded m the sheath £ «^ 
Zt when the stent is successivel/partty expanded out of efficient assembly^ the ^^^[^^J^^ 
toe sheath and retracted into the sheath for precise reposi- sheath. In a preferi^embooiment ^nf™*™ 1 
tionin B Durooses in the required area of the vessel. 65 lar means are embedded in a multilayer structure of the 
A 3m P glT*« ^*™ent sheath to efficiency match the -quiren^nts of ^™ 

b^w^frnall radial size for the stent delivery device to bly between sheath and reinforcement tubular means and to 
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simultaneously allow a choice of materials providing a very 
low friction for the whole stent along the inner wall of the 
sheath to thereby reduce rubbing in that area and facilitate 
relative motion between stent and sheath while retaining a 
low profile for the sheath wall. In a still preferred s 
embodiment, the multilayer structure is heat shrunk on the 
reinforcement tubular means to intimately mate the tubular 
means and sheath. 

The reinforcement tubular means may be made of metal 
to offer the strongest resistance to scratching and/or perfo- 10 
ration without interfering on the materials used for making 
the stent. A metallic reinforcement tubular means may also 
be extremely thin without loosing its resistance to scratching 
and perforation, which still adds to the profile reduction of 
(he sheath. 15 

In a further embodiment, the reinforcement tubular means 
are made of a radiopaque metal. In conjunction with a 
radiopaque marker, for instance conventionally located on 
the core means at the proximal end of the stent, this 
radiopaque reinforcement tubular means provide a fixed 20 
reference allowing precise knowledge of the percentage of 
stent which is out of the sheath. Such a percentage knowl- 
edge also helps avoiding exaggerated retraction of the stent 
into the sheath and the resulting potential of damage to the 
stent or sheath. 

In a still further embodiment the core means extend 
through the stent and a distal ring of radiopaque material is 
mounted on the core means within the reinforcement tubular 
means of radiopaque metal. This allows direct control of the x 
relative position of the stent with respect to the sheath when 
the stent is retracted into the sheath. Accordingly, it is 
thereby possible to easily avoid exaggerated retraction of the 
stent in the sheath and potential damage to the stent or 
sheath. This may be of great help for the doctor when he has 3J 
to rapidly withdraw the stent into the sheath for 
re-positioning purposes, 

Within the frame of the aforesaid distal ring of radiopaque 
material mounted on the core means within the reinforce- 
ment tubular means, the device may advantageously com- 40 
prise tip means ending the distal area of the core means 
concentrically to the distal ring of radiopaque material and 
reinforcement tubular means of radiopaque metal. In addi- 
tion to the usual advantages of a tip configuration for a 
smooth insertion of the stent delivery system into the body 45 
vessel, the coaxial mounting of the tip on the distal ring of 
radiopaque material and reinforcement tubular means 
assures a centering of the tip means on the sheath thereby 
preventing bending or angle making between the tip and 
sheath and the potential risk of catching and wounding the 50 
body vessel in particular in tortuous areas thereof. Hence, 
the reinforcement tubular means have a positioning or 
centering function in addition to the anti-scratching. anti- 
perforation, and control functions. Within this frame, the 
reinforcement tubular means may have a first outer diameter 55 
whereas the tip means have a second outer diameter greater 
than the first outer diameter. This configuration acts as an 
extra safety in case of the unexpected (and even highly 
improbable) escape of the reinforcement tubular means out 
of the end area of the sheath. In such a case, the larger ^ 
diameter of the tip means prevents any passage of the 
reinforcement tubular means distally beyond the tip means 
and assures recovery of the reinforcement tubular means out 
of the body vessel. 

When the scratch protection tubular means comprise 65 
coverage tube means secured to the proximal end portion of 
the stent and to the core means, a safety is obtained along the 



distal area of the sheath against the risk of having sheath 
particles getting loose from the sheath because of rubbing 
between the proximal end of the stent and the sheath. When 
combined to the reinforcement tubular means as described 
hereinbefore, the resulting configuration of the scratch pro- 
tection tubular means assures full protection of the distal 
area of the sheath by the maximal reduction of the risk of 
having particles of the sheath getting loose from the sheath 
due to the rubbing between stent and sheath. 

Where the coverage tube means are formed by a tube of 
thermoformable material heat shrunk over the proximal end 
portion of the stent and over the core means, the tube heat 
shrunk over the proximal end portion of the stent acts as an 
assembly help for the manufacturing of the stent delivery 
device. Such an assembly help disposes of using a special 
tool to very tightly contract the proximal end portion of the 
stent for inserting the stent into the sheath and avoiding 
damage to the sheath. And furthermore, the shrunk tube also 
acts as a protection against kinking of the sheath proximally 
of the stent because it somewhat fills the room between the 
proximal end of the stent and the sheath and also reduces 
continuously the flexibility of the stent at Us proximal end 
portion. 

Where the heat shrunk tube comprises longitudinal cuts 
extending along a distal portion thereof, the heat shrunk tube 
may easily separate from the proximal end portion of the 
stent upon expansion thereof out of the sheath, thereby 
allowing full expansion and release of the stent out of the 
sheath for permanent implantation thereof. 

Within these configurations, a proximal ring of radio- 
paque material may be mounted on the core means in the 
immediate proximal vicinity of the proximal end of the stent 
said ring of radiopaque material being embedded in th e 
shr unk tube, li us arrangement provides tor an easy posi- 
tioning and fastening for a proximal ring of radiopaque 
material while assuring a smooth transition between the 
stent and radiopaque ring which also contributes to reduce 
the kinking potential of the sheath in that area. 

According to a method of manufacturing a stent delivery 
device to incorporate in a simple and efficient way a rein- 
forcement ring as hereinbefore described, there is provided 
for engaging on a mandrel a reinforcement ring having a 
proximal end, a distal end, and a first outer diameter, 
engaging on the mandrel and proximally of the poximal end 
of the reinforcement ring a first tube of thermoformable 
material having a second outer diameter greater than said 
first outer diameter, engaging on the reinforcement ring a 
second tube of thermoformable material having a third outer 
diameter substantially equal to said second outer diameter of 
the first tube of mermoformable material engaging on the 
first and second tubes of thermoformable material a third 
tube of thermoformable material, heat shrinking said third 
tube of thermoformable material over said first and second 
tubes of mermoformable material and reinforcement ring, 
withdrawing the mandrel out of the reinforcement ring and 
first tube of thermoformable material, and taking off 
unwanted surplus portions of the heat shrunk material at the 
distal end of the reinforcement ring. 

In sum, the present invention relates to a stent delivery 
device which has an elongated sheath having a distal area 
with a distal end; a self-expandable stent having proximal 
and distal end portions with proximal and distal ends and a 
braided tubular wall, the stent being placed in a contracted 
condition within the distal area of the sheath; elongated core 
means having proximal and distal areas, the core means 
arranged in the sheath for relative longitudinal motion 
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between ttie sheath and core means; and drive means thcrmofonnablc material; (e) heat shrinking *^ third U^e of 
between the distal area of the core means and the self- thermofonnable material over the first and second tubes of 
expandable stent, whereby relative longitudinal motion thermoformable material and reinforcement ring; (f) witb- 
between the sheath and core means results in longitudinal drawing the mandrel out of the reinforcement ring and first 
relative motion between the stent and sheath so as to cause 5 tube of thermoformable material; and (g) taking off 
radial self-expansion of at least a longitudinal portion of the unwanted surplus portions of the heat shrunk material at the 
stent out of the distal area of the sheath or radial contraction distal end of the reinforcement ring. 

of at least a longitudinal portion of the stent into the distal 

lofic sheX and scS protection tubular means of BRIEF DESCRIPTION OF THE DRAWINGS 

biocompatible material having an inner wall surrounding at 10 ^ objects, features and advantages of the 

least an end portion of the stent when me stent is in iDVcnt i on w fli become readily apparent from the following 
contracted condition in the distal area of the sheath. The ^tailed description with reference to the accompanying 
scratch protection tubular means may have reinforcement ^^^g which snow diagrammatically and by way of 
tubular means secured at least in the proximal vicinity of the cxamp le only, preferred but still illustrative embodiments of 
distal end of the distal area of the sheath. The reinforcement 15 ^"2^,^ 

tubular means may be farmed by a reinforcement ring l is a side view partly cut of a device in accordance 

surrounding at least the ctistal end portion oftte stent when ^^^^^ ^ ^own in contracted 
the stent is in a contracted condition in the distal area of toe ^ J • . - 

shea* The reinforcement ring may have a rectangular ™^ on 10 mc shcath ' u 
Action T^rdnfo^nf tubular means may have an * FIG. 2 is a side view sknilar to that of FIOl, however, 
outer surface embedded in the sheath, optionally embedded with the stent shown partly expanded out of the sheath, 
in a multilayer structure of the sheath. The multilayer FIGS. 3 and 4 illustrate a method of manufacturing a stent 
structure may be heat shrunk on die reinforcement tubular delivery device in accordance with the invention, 
means. The reinforcement tubular means may be made of pjQ 5 ^ a ^ view partly cut of a detail of FIG. 1. 
metal, optionally a radiopaque metal. The care means may M pjQ 6 ^ a perspective view illustrating the function of the 
extend through the stent, and fee distal ring of radiopaque of pj G 5 

material may be mounted on the core means within the 

reinforcement tubular means of radiopaque metal. The DETAILED DESCRIPTION OF PREFERRED 

device may have a means ending the distal area of the core EMBODIMENTS 
means concentrically to the distal ring of radiopaque mate- » ^ nGS , md 2 

rial and to the reinforcement tubular means of r^opaquc ^ ^ 2 having a distal area 3 with 

metal. The reinforcement tubular means may have a first Sheath 2 has a proximal area (not shown) 

outer diameter and the Up means may have a ^douter * connected to a conventional T-connector (not 

diameter greater than the first outer diameter. The scratch ^^^^^ ^ contrast fluid supply purposes, 
protection Uibular means ^ means 35 is made of a biocompatible material 

secured to the proximal end portion of the stent and to the v ..... . . . e f „ 

c^n^snie coverage tubmen™ may be formed by a Within th e sheath 2i s arranged aa elongated core 5. for 
X ofTerr^on^TLerial heat shrunk over the pcoii- gangle mbu^TSvlng a proxirnrf area^"o. ^c»^d a 
n^end portion of the stent and over the cote means. The distal area 6 The proximal are. of the core a 
heat shim* tube of thermoformable material may have m be connected to a conventional luer lock assembly (not 
SIS ^extending along a distal portion thereof. * shown) for handling jxnposes. Tte core 5 is arranged u. *e 
SvTcTrTy have a proLnal ring of radiopaque material sheath 2 for relative longtadimu movement Wweeothe 
n»S <TL core Wans in the immXte proximal sheath and the core. The core is also made of a biocompat- 
vicinity of the proximal end of the stent, the ring of IWe material. 

radiopaque material being embedded in the shrunk tube. „ A self-expandable stent 7 having proximaJ and dcntl end 
TbV present invention also relates to a stent delivery poruW7STiraT^5via^o«^ end 8 and a <hsuu end » 
device Ssing (a) an inner member; (b) a radially is mounted on the core 7 within the shea* 2 where it is 
setf-expandtog sL disposed about the core, me stent placed in nsolaUy contracted contlmon th^s disb^ ™ 
navm/a distal portion and a proximal portion; (c) a sheath J of the sheath 2. The .tent 7 has a r^ tubular waU 10 
disposed aboutVleast part of the radiaUy self-expaiiding so which is convenboiuiUyjOTaposed oi ' , i first rJurauty of 
s3md(dya scratch projection element ipc^ between parallel stainless steel spring wires 11 helically wound u>. 
"TcaTpart of the stenZdu least part of ttesheath. The first direction crossing I » second ptaraUty of ptnulel stress 
*r£ch paction element may be » «be disposed about at steel spring wires 12 hekcaUywc^m a ™**»"" 
least paS of me proximal portion of the stent The scratch opposite to the first one. Such a braided smicture aUows 
pSection elemeuTmay beVmetal tube. 55 radial extraction of the stent .when it is placed n , m shea* 

*The present invention also relates to a method for nutnu- 2 - shown u> FIG l and f^*^"™*^ ^ 
facturinT. M delivery device by (a) ^ ! on a » h "^° ^^^T^ISZ 
^\tSS^^^Si ^"Ofc^^a.ownbr^g, providing .e 
and proxirrudly of the proximal end of the reinforcement 60 same effect may be useo. 

ring Tfirst tube of thermoformable material having a second Drive means 13 are provided between die distal area 6 of 
outer diameter greater than the first outer diameter, (c) the core 5 and the self-expandable stent 7 In me example 
engaging on the reinforcement ring a second tube of ther- shown, these drive means comprise a pad 14 ofsoft material 
mtfonnable material having a third outer diameter substan- which mates with the mis and bosses of the braided tubular 
dally equal to the second outer diameter of the first tube of « wall 10 as depicted at 15 in FIG. LSucb a <^8™*»™ d 
merrr^ormable material; (d) engaging on the first and the method for obtaining it are described in EPO 596 145 Al 
second tubes of thermcformable material a third tube of which is incorporated herein by reference in its entirety for 
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all purposes. By this arrangement, relative longitudinal 
motion between die sheath 2 and the core 5 results into 
longitudinal relative motion between the stent 7 and the 
sheath 2 so as to cause radial self-expansion of at least a 
longitudinal portion of the stent 7 out of the distal area 3 of $ 
the sheath 2 in a body vessel 20, as shown in FIG. 2, or radial 
contraction of at least a longitudinal portion of the stent 7 
into the distal area 3 of the sheath 2. as shown in FIG. 1. 

Scratch protection tubular means 16 of biocompatible 
material are arranged in the distal area 3 of the sheath 2 so 10 
as to have an inner wall 17 surrounding the distal end portion 
79 of the stent 7 when the latter is in contracted condition in 
the distal area 3 of the sheath 2. Such scratch protection 
tubular means 16 comprise reinforcement tubular means 18 
which arc secured in the proximal vicinity of the distal end 15 

4 of the distal area 3 of the sheath 2. In the example shown 
in FIGS. 1 and 2. such reinforcement tubular means 18 are 
formed by a reinforcement ring which surrounds the distal 
end portion 79 of the stent 7 when the latter is in contracted 
condition in the distal area of the sheath 2. Preferably, the 20 
ring 18 has a rectangular cross-section and it comprises an 
outer surface 19 embedded in the sheath 2. 

In the embodiment shown in the drawings, the ring 18 is 
made of metal, preferably a radiopaque metal. 

The reinforcement ring 18 may be embedded in a multi- 
layer structure 21 of the sheath 2 and this multilayer struc- 
ture of the sheath may be heat shrunk on the reinforcement 
ring 18. 

FIGS. 3 and 4 illustrate a method for manufacturing such M 
a configuration. A reinforcement ring 18 having a proximal 
end 22, a distal end 23, and an outer diameter 24 is engaged 
on a mandrel 25. A first tube of biocompatible mermoform- 
able material 26 is engaged on the mandrel 25, proxlmally 
of the proximal end 22 of ring 18. which first tube has an 35 
outer diameter 27 greater than the outer diameter 24 of ring 
18. A second tube of biocompatible thermoformable mate- 
rial 28 is engaged on the reinforcement ring 18, which tube 
has an outer diameter 29 substantially equal to the outer 
diameter 27 of the first tube 26. The tubes 26 and 28 have ^ 
thus their outer surfaces substantially aligned. A third tube 
30 of thermoformable biocompatible material is engaged on 
the first and second tubes 26 and 28 and said third tube is 
heat shrunk over the first and second tubes 26 and 28 and the 
reinforcement ring 18 as depicted as 31 in FIG. 4. The 43 
mandrel 25 is then withdrawn out of the reinforccraent ring 
18 and first tube 26 and the unwanted surplus portions 32 of 
the heat shrunk material at the distal end 23 of the rein- 
forcement ring 18 is taken off. By this method, a smooth 
regular embedding is obtained for the ring in the sheath, x 
avoiding any gaps between the sheath and the ring. 

As shown in FIG. 1. the core 5 extends through the stent 
7 and a distal ring 3^ <if radinr mque material is mounted on 
the core within the reinforcement ring 18. A tip 34 ends the 
distal area 6 of the core 5 concentrically to the distal ring of 35 
radiopaque material 33 and to the reinforcement ring 18 and, 
to this effect, the tip 34 comprises a proximal tubular 
shoulder 35 on which is mounted the radiopaque ring 33. 
The tip 34 has an outer diameter 36 which is greater than the 
outer diameter 24 of ring 18. 60 

As shown in FIGS. 1 and 2 and in more detail in FIGS. 

5 and 6 scratch protection tubular means 16 arc also 
arranged in the distal area 3 of the sheath 2 so as to have an 
inner wall 42 surrounding the proximal end portion 78 of the 
stent 7 when the latter is in contracted condition in the distal 65 
area 3 of the sheath 2. Such scratch protection tubular means 

16 comprise coverage tube means 37 secured to the proxi- 



mal end portion 78 of the stent 7 and to the core 5. In the 
example shown, such coverage tube means are formed by a 
tube of thermoformable material heat shrunk over the proxi- 
mal end portion 78 of the stent 7 and over the core 5. This 
tube 37 comprises longitudinal cuts 38 extending along a 
distal portion 39 of the tube 37. These cuts 38 are forming 
in the tube a plurality of successive tongues 40. As best seen 
on FIG. 6, these tongues may deploy like flower petals under 
the radial force exerted by expansion of the stent 7 out of the 
sheath 2 whereby the tube 37 may easily separate from the 
proximal end portion of the stent 

A proximal ring 41 of radiopaque material is mounted on 
the core 5 in the immediate proximaTvTBEtTof the proximal 
end 8 of the stent 7. This ring 41 of radiopaque material is 
embedded in the tube 37 which is heat shrunk over the 
proximal end of the stent and over the core. 

Variants are available without departing from the scope of 
the invention. 

For example, the ring 18 may be affixed to the sheath 
otherwise than by heat shrinking of a structure of the sheath. 
It may comprise peripheral studs or indentations partly or 
totally penetrating corresponding recesses provided for in 
the sheath 2. It may also be affixed to the sheath by means 
of an appropriate adhesive. 

The core 5 may be devoid of a tip such as tip 34. 

When the stent is not for permanent implantation in the 
body vessel, the heat shrunk tube 37 may be replaced by a 
mere, for instance adhesive, surrounding assembly of the 
proximal end of the stent to the core. 

The drive means 13 may be replaced by any other 
conventional drive between (he core and the stent 

The scratch protection tubular means 16 or ring 18 may 
extend proximally until the proximal end portion of the stent 
7 when the latter is in contracted condition in the distal area 
3 of sheath 2. With such an arrangement, the tubular means 
may also be made of metal, preferably of a radiopaque 
metal, and assembly thereof to the sheath may be as 
described for the ring 18. Such a configuration may dispose 
of using the heat shrunk proximal tube 37 as a sheath 
protection at the level of the proximal end portion of the 
stent and as an assembly help for insertion of the stent into 
the sheath. This extended tubular means may also be secured 
in the sheath as described for the ring 18. 

We claim: 

1. A stent delivery device comprising: an elongated sheath 
having a distal area with a distal end; a self -expandable stent 
having proximal and distal end portions with proximal and 
distal ends and a braided tubular wall, said stent being 
placed in contracted condition within the distal area of the 
sheath; elongated core means having proximal and distal 
areas, said core means arranged in said sheath for relative 
longitudinal motion between the sheath and core means; and 
drive means between the distal area of the core means and 
the self-expandable stent, whereby relative longitudinal 
motion between said sheath and core means results in 
longitudinal relative motion between said stent and sheath so 
as to cause radial self-expansion of at least a longitudinal 
portion of the stent out of the distal area of the sheath or 
radial contraction of at least a longitudinal portion of the 
stent into the distal area of the sheath, and scratch protection 
tubular means of biocompatible material having an inner 
wall surrounding at least an end portion of the stent when the 
stent is in contracted condition in the distal area of the 
sheath. 

2. A device according to claim 1, wherein said scratch 
protection tubular means comprises reinforcement tubular 
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means secured at least in the proximal vicinity of the distal 
end of the distal area of the sheath. 

3. A device according to claim 2. wherein the reinforce- 
ment tubular means is formed by a reinforcement ring 
surrounding at least the distal end portion of the stent when 
the stent is in a contracted condition in the distal area of the 
sheath. 

4. A device according to claim 3. wherein the reinforce- 
ment ring has a rectangular cross-sectioo. 

5. A device according to claim 2, wherein the reinforce- 
ment tubular means comprises an outer surface embedded in 
the sheath. 

6. A device according to claim 5, wherein the reinforce- 
ment tubular means is embedded in a multilayer structure of 
the sheath. 

7. A device according to claim 6. wherein said multilayer 
structure is heat shrunk on the reinforcement tubular means. 

8. A device according to claim 2, wherein the reinforce- 
ment tubular means is made of metal. 

9. A device according to claim 8, wherein the reinforce- 
ment tubular means is made of radiopaque metal. 

10. A device according to claim 9, wherein the core means 
extends through the stent, and wherein a distal ring of 
radiopaque material is mounted on the core means within the 
reinforcement tubular means of radiopaque metal. 

11. A device according to claim 10, further comprising tip 
means ending the distal area of the core means concentri- 
cally to the distal ring of radiopaque material and to the 
reinforcement tubular means of radiopaque metal. 

12. A device according to claim 11, wherein said rein- 
forcement tubular means has a first outer diameter and the 
tip means have a second outer diameter greater man said first 
outer diameter. 

13. A device according to claim 1. wherein said scratch 
protection tubular means comprises coverage tube means 
secured to the proximal end portion of the stent and to the 
core means. 

14. A device according to claim 13, wherein the coverage 
tube means is formed by a tube of thermoformable material 
heat shrunk over the proximal end portion of the stent and 40 
over the core means. 

15. A device according to claim 14, wherein the heat 
shrunk tube of thermoformable material comprises longitu- 
dinal cuts extending along a distal portion thereof. 
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16. A device according to claim 14. further comprising a 
proximal ring of radiopaque material mounted on the core 
means in the immediate proximal vicinity of the proximal 
end of the stent, said ring of radiopaque material being 
embedded in the shrunk tube. 

17. A stent delivery device comprising: 

(a) an inner member; 

(b) a radially self-expanding stent disposed about the 
inner member, the stent having a proximal portion; 

(c) a sheath disposed about at least part of the radially 
self-expanding stent; and 

(d) a tubular scratch protection element disposed about at 
least part of the proximal stent portion and between at 
least part of the proximal stent portion and at least part 
of the sheath. 

18. The device of claim 17 wherein the scratch protection 
element comprises a metal tube. 

19. A method for manufacturing a stent delivery device 
comprising: 

(a) engaging on a mandrel a reinforcement ring having a 
proximal end, a distal end. and a first outer diameter; 

(b) engaging on the mandrel and proximally of the 
proximal end of the reinforcement ring a first tube of 
thermoformable material having a second outer diam- 
eter greater than said first outer diameter; 

(c) engaging on the reinforcement ring a second tube of 
thermoformable material having a third outer diameter 
substantially equal to said second outer diameter of the 
first tube of thcrmofoimable material; 

(d) engaging on the first and second tubes of thermoform- 
able material a third tube of mermoformable material; 

(e) heat shrinking said third tube of thermoformable 
material over said first and second tubes of thermo- 
formable material and reinforcement ring; 

(f) withdrawing the mandrel out of the reinforcement ring 
and first tube of mermoformable material; and 

(g) mirin g off unwanted surplus portions of the heat 
shrunk material at the distal end of the reinforcement 
ring. 
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